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I4syveHue ArrcrlprrrJrr{H
AeHTaMr4 HarrpaBneHr,rs

faell [OIyqeHLIe CIICTeMaTI{3LI

TBepAbrx TeJr, rr3rreHlle
3HAKOMCTBO C MATEMATIIqEC

perrreHlrr{ KoHKpeTrrbrx TexHr.r

TepuanoB.

Ife.rrrro ocBoeHr4t
rBJIeHilflX, npoTeKaIOqI4X B

pa3Hbrx Br.rAax nosAeftcrelaft .

3 a4a.ru AHcrIn[Jrr.IHbr
IBfreHr4 e oco6ennocreft
3HAKOMCTBO C I{
BC;

o flonyrreHr4enpeAcTaBJIeH

2.M
nncrlanlusa <M

oo.f,3aTeJrbHbIM AI,ICIIT{IIJIHHaM
nurc <HauorexHoJrort4 v Lr Mu

Irlayueuue Ar.rcrlrrlJrr4 H

Qopmnpylorcfl y cryAeuroB
3IdKa), <MareuatraKa)). a
rI4ro)), <KBanrosat pr crarncrll

3uaHrzx, troJlfreH
Hbr rrpu r{3yqeHrzr4 Apyrux cIIe
BbrrroJrHerilur4 BbrnycKHoft near

3. KOMIIETBHnII,III

Ei npoqecce ocBoeHr.rfl
que npoSecclroHaJrbHbre KoM

l) cnoco6nocrr,ro

4e npoQecczoHanrnofi

Q zs IEro -u areM arr.rqe cK
2) roloeuocrbx)

TepI4ruroB r,r KoMIrOHeH
B pesyltrare ocBoeH

qpre pe3ynbrarbr o6pasonanur:
1)_3ru: (fyH4alreuram

Marel\darr,rqecrufi anaJrv3.
2) ; xrraccu(prar<aquro MeraJrJro
HbIX MaTepI,IaJIOB, nOJI

pacceflHufl. uocurenefi saps.Ia
Bbrx rplroopax, .flBJrrrollluxct

2) Vrvrem : caMocro.f,TeJrbrr
parype IIo cTpor{r,eJrbHbrM
BOAr.rTb gKorrepr{MeH,raJrbHbre

HaHo- rd Mr,rKpocrrcretrnoft rexn
3) Bna.lerr: - [epBrdqHbrM

3aAaq us o6qer,rHxeHepHbrx r,r

o

a

1. o c B o E H tIfl I.rrClil,IIrJI 14 IIbI

< MarepnaroB eAeur,re HaHocrpyKTypr4poBaHbrx Mareor,raJroB )) cry-
'BKPI (HAHOTEXHOJIOTUI{ 14 MI{KPOCLI CTEMHA.I TEXHI,IKD) NPEAIIONA.

HHOIO NPEACTABNEHI{f, O 3AKOHOMEPHOCTf,X ATOMHOTO CIPOEHI,IJ{
rroJrorr4qecrux reopufi rnfl, anuwrsa e(f(ferroB B TBepAbrx reJrax,

MOAEJI'MII U (POPrVrzurZ3MOM AJUI BbITIOJIHEH}I.g PACIIETOB NPI4
x 3aAaq, cBs3aHHbIX c [paKTuqecKLIM rIpI4MerIeHLIeM I{aHoMa-

rrJrr,rHbr flB[rflercs. (poprr,rraponaHr,re ilpeAcrasreHufi o npoqeccax 14

lI MaTepr{anax, BbIIIOJTIIeHHbTX Ha ux ocHoBe, IIpr4

r{ oJreKTpoHuofi crpyrrypbr HaHoMarepr4aJroB ;
I,r cTpyKTypaMr.r, TexHoJroflrrMr,r r4 MaTepr,ra[aMr4 Ha r{x ocHo_

o coBpeMeHHbrx MeroAax Araaruo crr41s4 HaHorraar(pzaton.

ATICqZIJII,IHbI B CTpyKTypE 0IIOII BO
BeAeHr4e HaHO CTpyKyTpr.rpoBaHHbrx MaTepnanoB )
arnnnoft qacrvr OIIOII noAroroBK:z 6arca-nanpqe

oTI{OCt4TCtr X:

no HarrpaBJre-

OC

HalI T€XHITIKD).

IPEAIIOJIATAET HAI].ITIIAE $YrrgArrAEHTAJIbH];IX 3II AHI,Iff , KOTOPbIC
r43rreHr4r4 [peArrrecrByroqux rt4 crlrtrlnr{H 6agosofi .racrn : (oI{-
Ar{crlranJrrrH Bapr.rarr{BHoft qacrz: <Bne,qesne E HaHorexr{oJro_

(fusura>
B paMKax lr3f{eHrrf, 4aHuofi Ar.rcrlt4rrJt:r.rHbr, Mor}"T drru npuueue_
AJIbHbX ,4I4CIII4IIJII,IH NO HANPABJIEHI,IIO IIOAIOTOBftI{, A T,AKXE IIPI4

Hofi pa6oru.

IIIEIOC.fl , OOpMI,IpyEMhrE B PE3yJIbTATE
EHILI AI,I CIII4IJII,IHbI (M OAyJLfl )
Ar,rcqr{nJrr4Hbr cryAeHr (f oprranpyer r4 AeMoHcrpLrpyer cJreAyro_

ecrecrBeHHoHayqHyro cyrrlHocrb npo6leu, Bo3 Hl,rKaroqr4 x B xo _

AejflrenbHocrl'I' [pI'IBJteKarb AIrfl ux pelreHl,It coqTBercrByrorquft
fi amtapar (OIIK-2),

9Kolepr,rMeHT€rrrbHbre r.rccJreAoBaHr4.f, rro cr4HTe3y V aHurulry MA_
HaHo- r,r Mr{Kpocucreunofi TexHr,rKr{ (lIK-2)

Ar'rcqulrnr{Hrr o6yrarorquitcs AorxeH AeMoHcrpr4poBarb cneAyro-

e ocHoBbr nrrcllrefi MareMarr4Kr4, BKJr]OqaJr anre6py, reoMerpr{rc,
ro BeposrHocrefi u ocHoBbr MareMarrzrrrecroft cratucrrzmr.r (o[IK-
CTIJIABOB, TIACCNBHbIX I{ AKTI,IBHbTX AV9JIEKTPLIqEOKI4X 14 MATHI4T-
I{KOB r4 r4x coeAr{Henuft; (fusuuecxvre MexaHrr3Mbr rrepeFroca rr
loJryrrpoBoAHr4Kax; sZSU.reCXUe npoueccbr B [olrynpoBoAHrzKo-
MeHraMu MlrKpocxeM (nK-2).

prcloJlb3oBarb MareMaru'LecxuiL alrnaIlar, coAepxarquitcg s JILITe-
, paclnupflTb cBor4 MaTeMaTrrqecKLre rro3HaHr.r.fl (OIIK_2); upo_

HLI' nO cI4HTe3y LI aIJanLIcy MaTeprriuroB r.I KoMrroHeHTOB
rE (lIK-2).

HABbIKAMI,I I4 OCHOBII bIMI.I METOAAMI4 PEIXEIII4fl MATEMATI4'IECKMX
bHbrx Arrcrlprrrrrr.rH npo$znusa:qru (O[IK-2); o6opy4onan



HeM npr4MeHf,eMbM B rrpor,r3r
Hr4KI{; OCHOtsHbIMI4: IrpIIeMaMl
CoSHocTI,Io cocTaBJIflTb oII[c
rroIFoToBr4Tb AaHHbre,{Jrr co(
(nK-2).

4. CTPYKTYP
O6uar rpyAoeMKocrr

ACTBe MaTeprdalroB, I(oMrroHeHTOB r{aHo_ r,r r4r4Kppcr{cTeMl
o6pa6orxra r4 npeAcraB rreHtrs, gKcneplrMeHTirnbu1,rx 
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I Aronrna.r rI gJreK-

'rpoHHar crpyKry-
pbr TBepAhrx TeJr. 5 I 7 t4 6 6 2l r6162% Pefirunrr

KOHTpOJITb \b1

2 lFlauocracreurr u
HaHOMaTeptraJrbr. 5 8- 1 8 6 6 I2

6130%

Peftrunl-
KOHTpOnb {s2

a
J Cnoftcrea HaHo-

MaTepr{aJIoB. 5 t2- 8 t4 6 6 30
r0/38%

Pefirusr-
KOHTpOnb {9J

Bcero 3 1 36 18 t8 63 32144% SxsaMet , 45.t

Pas4el 1. Alounafl rr sJreKTpr

1. Arolruo-Kpr{craJrJrr4qecl
2. 3osnas crpyKrypa lr crz
3. Knauroeo-penMepHbre o
4. llonynpoBoAHr{KoBbre H
5. 3ner<rpoHhr r] [eprloAr,rq
6.,{ucnepcr{ouHbre Kp}rBBr
7. Bo"nuonofi nexrop. g([(p

PasAer 2,Hasocuc'reMr,r n Ha

1. Knasuqacrlrllbr B Hanor
2. 3rcraronsr r4 3KcrrroHH.
3. ferepocrpyKrypbr r{ cE

4. @orouHrre KpucranJrbr

PasAer 3. CnoficrBa Ha[roMarl

c OAEPII{AHI,IE AI,I CqU[JII,IHbr
JTEKUI,II4

DHHAq CTpyKTypbr TB,epAbrx TeJr.

(oe cTpoeHr{e TBepAbrx TeJr.

tTLIcTI{Ka IOJIyIpOBOA]HLIKOB.

S Q errrr B HaHocrpyKrypax. fllornocrl cocrofl Hr{fi
a3Koptt3MepHr,re crpyKrypbr.
ecKHx cTpyKTypax. Bnoxoncrue BoJrHhr.
e. 3onrr Bpunmosna.
EKTI,IBHTUI MACCA.

rIoMaTeprraJrbI.

[aTepfia'Jrax.
bre [o[spr4ToFlbr"
epxpemeTKr4.

, KnanrosHe Mr{Kpope3oHaropbr.

l.
2.

3.

4.

5.

6.

Marrriarnrre cBoft crBa KpvcrtulJrnqec.Kkrx Marepr4aJroB.
Herrznefinrre e(f $errrr B HaHoMar epvanax.



7. .{e(fer<ru tB Kpr.rcraJrnax. .{e([erru ]Lllomru u Opeurelx.

TIPAKTIIqE CIil,IE 3AHf TA'I

Teva 1. 3telreurrr souHofi Teoprzr4" Co6crneHuas
T eva 2. Jloralugaqrrfi gJreKTpoHoB B npocrefi rurax

eaHr,re. 2q.
Teua 3. Co6crseHnar (fynrrlr{r oAHoeJreKrpoHHofo

AI{qeCKLIM II OTeH IILI aJIOir,t. O CU Ul Irflrlkrr BrOx.a. 2.r.

ta npl,IMecnar [poBoAr4Mocm. 2.r.
Har{ocrpyKrypax. PaJnrepnoe KBarrro-

raMuJrbroHwaaa p\t noJrfl c rrep[o-

a.{epHufi MarHr4T-

HPHOMaTeprraJroB,,

Tewa 4.lloreHquanrturre 6aprep6r r4 flMbr B HaHocrpyrrypax. 2t.
Teua 5. ferepocrpyKrypbr ri rerepouepexo4u. 2u.
Tenra 6, Paccesnni B HaHocrpyrrypax. Pac.rer rapaMerpoB paccerHr.r s.2,a.
Teua 7. Henunefturre s(p([errbr B HitHoMarepuasnx.2u.
Teua 8. fenepaqux nropofi rapMoHaKpr r.r ycJroBr.re (fasonoro cr4Hxpolrr{3tyra2u.

5. Pa6ora c MexAyHapoAHbrMrr 6ianrcauu crpyKrypHsx 4aHuu4. 4u.

5. OBPA3OBATIDJIbHb]IE TEXHOJIOI'UII
B paurax JreKrlrroHnoro Kypca:

5.L. ArctnnHrrr€ rl lilHTepaKTrrBHbre Qopuu o6y.renlrn
C qenrro (fopnrnponaHvIs.vt pa3Bvrrr4fl, upo([eccuoHarrbHbrx Har]brKoB cryAeuroB il yue6noiu npo-
qecce }IcrloJlh3ylorof, aKTI,IBHbIe LI r,rHTepaKTr,rBHbre tpoprrlrr npoBeAer{Hs. sgusruir B corleraHr4r4 c
BHeayAl'Iropuofi pa6otoft: (rontpoJlbHbre ayAr4ropubre pa6omr, un1rzrBkrqyansnrrd AoMarrrrr4e pa-
6orn).
5.2. CatrocroflTeJrrDHan pa6ora cryAeHToB
CauocrosreJlbHafl (nueay.4uropnat) pa6ora cryAeHToB BKJrroqaer 3axperrreHr,re [eoperr4r{ecKofo
Marepr{ana q)u [oltrroroBKe K BbrrroJrHeHr4ror r{HArlBrrAyaJrbHoft Aolrarrrueft pa6o1u, K llpaKTilqe-
0KI'IM 3aH.f,TLIlIM. Ocuoea caMocrotremuofi pa6oru - H3freHile nr{Teparypbr rro peKoMeHAoBaH-
HbItta rzcrorrHzKaM lr KoHcrreKry lerquft.
5.3. .My.irtrr.rnrequfr ntre rexHoJroruu o6yueunr
Hexoroprre Lrc JIeKqTIoHHbIX LI [paKTr.rtrecKr4x sausruir [poBoAflTcr B BvAe rrpe3eHTaqnfi n uynr-
ruue4I'Iftuofi. aygutopuu c vcnollb3oBaHrreM KoMlr,rorepHoro lpoeKTopa. Cry4euraM npeAo-
craBJrrercr KoMrrbrorepuuff nypc nerqr,rft.

Terraa 9. [e(f erru B HaHocrpyKryprz poBaHHr,rx Marep uarax. 2,a.

JIAEOPATOPIIbIE PAEOTbI

1. Ocronrr soHAonoft cKaHr4pyrolqeft uulcpocronupr 4q.
2. Pacrponaa sJreKTpoHHalr MprKpocKonufi. 2rr.
3. CnenrpocxonuqecKr.re MeroAE,r aHaJrvataHaHoMarepvaJroB (ONe,

Huft pesoHauo, M0cc6aysp). 4v.
4. Penrreuo4r,r(pparqraonHbre MeroAbr ?{ccJre.qoBaHvrs. clpyKTypb.r

4ri.

PAEOTI'I CTYIEHTOB
6.I. Srgauenauuonnrre nolpocrr

1. 3onnas reopflr npoBoAuMocru. Co6crBeHHbre
2. Pasuepul,re sft(ferru B HaHocrpyKrypax.

crpyKrypEr.
3. 3nexrpon B noJre c ilepvoAr.rqecKlrM rroreHrlr,raJrorra. Teopeva Bnoxa,
4. lucuepcuoHHbre Kpr.rBbre. 3onrr Epunnroena. o0$errvB*afl. Macca.
5. Ksa3uqacrlrrlbr B HaHoMarepuurax.

6. OIIEHOqHbIE CPEACTB A TJIfl TT],KYIUTITO KOH,TPOJIIfl yCIIEBAEMOCTI4"
IlPoMExtyroqHofr nrrncrAIIIdI,Iro?ITof AMocBoEHvrfli,ApICIII4IrJrIr:
HhI I{ y[IEETIO-METOAI,ITIECKOEI OBEC TIETIEHI4E CAMOCTO.fl TEJIbHOIZ

14 xrpr4MecHbre noJryrrpoeo.4Hr,rKh.

lJrloruocrr, cocrossrafi. Hl,rsxoparruepHbre



6. 3rcraronnrre ffonrplrroHbl r4 TexHoJloftjr4 Ha r{x ocHoBe.
7. ferepocrpyKTypbr c KBaHToBbrMvr swaMu r{ cBepxpeluerKr,r.
8. Ooronnsre Kpr.rcrarrnbr.

9 Pereencmoe paccerHr{e. Pacce.suue Manr4enrurraua-BpnJrJrrogga.
1 0. ParraaHoncKoe pacccerHrre. Paccerupre Mz.
11. Oouonna.rr MoAenb relJroBbrx rone6auHfi.
I 2. CnepxnpoBoAurMocrb MareplraJroe. Boge-rouAer{carlvr.
1 3. Marnurrrlre cnoficrna HauoMareplranoB.
14. HenuneftHrre o(p(ferru B HaHoMarepvzuax.
1 5.,{e(f exrnr B Har{ocrpyKrypr4poBaHHbx M arep vraJr;,.ax.

1 6. 3onlosar cKan:lrpyroqarr MrzKpocKonr4r.
17. Pacrponaf, gneKTpouuar Ml{KpocKorru{ Anfl Ar.raluocrr4Kr.r HaHoMareprraJroB.
1 8. cnexrpocKol'rrecKrae MeroAbr aHaJrr.r3a Ha'oMareppr.JroB.
19. PeurreHo.qz0paruzoHHbre MeroAbr r{ccneAoBaHrrfl crpyKTypbr HaHoMar,epr4an

6.2. Bonpocrr pefirranr-rconrporq
Peft runr-lcourpo.na J\b 1

1. 3onnas teopur [poBoAuMocrr.r.
2. .{ouoplrue u arflIerrropHbre noJry[poBoAH]rKr,r.
3. Knanrono-pa3N{epHbre s$(f errrr B HaHocrpyKrypax.
4. Illoruocrr cocro.f,ur.rfi.
5. Husroparuepubre crpyKrypbr.
6. ,{ucnepcroHHbre ypaBneHr,rf, r{ Kpr.rBbre.
7. Teoperua Bnoxeu.

8. 3onrr BpunnroeHa.
9. Boluonofi BeKrop. 3(f(pexrrEnHa-rr Macca.

Peft runr-xonr po.rrr J\b2
1. Knaguqaorurlbr B HauoMarepvrarax.
2. Srcuronsr, Tpr.roHbr r{ gKcI4ToHHbre noJrtrprrroHbr.
3. lloteuqualruue 6apreprr. Tyuuerlnrrfi eS$erl u na46aprepHoe orpaxefrr4e.
4. ferepocrpyKrypbr r,r rereporepexoAbr.
5. Cnepxpenrerru
6. Ooronnrre Kpr4crannbr.
7. Mr,rrpopesoHaropbr.
8. 3ou4onan cKaurrpyroqafl MkrKpocKorrr.rr.

Peftruur-noHrpo;rn J\b3
1. Paccesnze B HauoMarepr{anax.
2. Teunosrre csoficrsa HaHocrpyKryp. (DonrouHrur MoAeJrb.
3. CnepxuponoAr.rMocrb. Eoge-xouAeHcar.

I Henzneft nrre erp(pexru B HauocrpyKryplrpoBa'H brx MarepuaJrax.

I feuepaqux nropoft rapMoHr4Kz r{ ycJroBr.re (fasonoro cr{HXpoHr,BMa.
6. MarnrarHrre s(f([exrur B HaHoMarepr,ranax.
7 .,{eSer<trr B HaHocrpyKTypr4poBaHHbx Marep uanax.
8. CnexrpalrHbre MeroAbr r.rccneroBalvrfl.
9 . Peurreno4lr(f paxqu ouHbre MeroAbr r4ccJre.uoBaHr.rf, .

14,

oco6 euuo cru (fo zszuecKr,rx B3 ar4 Mo4efi crnraft ra rra*t*a".ffia*.
onracaHra e ABkr lrrcHn fr . H aHorracrr,ru. yp anH e nz e IrIp e4unrep a.
f auunrroHzau. co6crBeHHhre {yurquu u co6crnenrura a*ru""rrr".
Tynnerrurrfi s{ Sexr unaa6aprepuoe olpaxeHue.
Ksaurosrre Mr{Kpops ouaropbr.
Mo4err l\e6as. @ouonnas rerJroeMKocrb B MoAe tu [e6a*
Macc_-cnercrporlra([n.recxufi uero4 r.rccneAoBaHr.rrr HaHoMarepu anoB.
[u$ $ysra.r B Kpx{craJrJrr4qecKrrx reJrax.



7. yqEB}rO-METOAIITTECKOE I4 I4HOOPMAIITTOHHOE OEECI]IEqEHI,IE ILIC-
rqlrrrJ[rHbr

Ocnonuaq Jrr.rreparypa :

1. Bne,4euue r Qerr,nonano$oronuxy. OyH4arrreHTaJrbHbre ocuoBr,r r,r Jra3eplrbre Msro-
AbI ynpaBnfleMoro nonyqeHl,I.f, I4 AI,IafHOCTnKpr HaHOCTpyKTypr{poBaHHbrx Marepr.raJron: yve6Hoe
noco6ue/ C.M. Apar<eJrrH r4 Ap.- glerrpou. reKcroBbre AaHHbre.-.M.: Jloroc, ZO|S.---i++ c.

2' Oclronrr coBpeMeHHoro Marepr4aJroBeAelrr{a: yve6Hnr / O.C.CuporKr4H - M.: Flt7ll
I4HOPA-M,2015. - 364 c.-ISBN 978-5 -lG-009335-2.

3. MeroAu I4ccJIeAoBaHLIt MtrKpogJreKTpoHHhrx 14 HaHogneKTpoHHbrx Marepr,ranoB r{
crpyKryp. rlacm II/BenuqxoA.A., OranrauouonaH.Izl. - Hosocu6.: H|TY. 2014. - 227 ;.-- ISBj\t
978-5-7782-2.534-3.

[onolnurerbHaq Jrrrreparypa:

l. Touulruu, B. I4. Ougu.recroe Marepr,raJroBeAeHr,re.
yue6. noco6ue e 2 \. I B. ?I. ToMzlrau, H. II. Touramaua, B. A.
Seaep. yu-r,2012. - 280 c. - ISBN 978-5-7638-2510-7.

H. 1. IIaccr{:BHBJe AuoJrercrpr4Kr4:
Baxrr.rua. - Kpiauroxpcr: : Cu6.

2. O[sFrecKoe Marepl{anoBeAeHl,re. gacrr 1. d)HsuKa rBep.4oro reJra: y.re6uot:
noco6ne/ Oe4oron A.K.- 3lerrporr. TeKcroBbre AaHHbre"- Mzucx: Ilnrursftuas rrrKoJra.
2010.- 400,c.

3. @uguroxuMlrr HaHocrpyKTyprrpoBaHHbrx
HfTy,2013. - 107 c.: ISBN 978-5-7792-22n5-l

Llnrepuer-pecypcbr:

1. Kpucraulorpa(fuuecrar z

Marepuanon/I4ttomptuB.A. - Hosocr6. :
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